Relative values of hepatopancreas and intestinal weight to somatic weight were significantly higher in the tiger puffer Takifugu rubripes (puffer) than the red sea bream Pagrus major (bream). Relative values of intestinal length to body length were reversely high in the bream, indicating that the puffer have intestines with large diameters.
Many studies on nutritional requirements of the tiger puffer Takifugu rubripes1-7) (puffer) and the red sea bream Pagrus major8,9) (bream) have been conducted in this de cade. The puffer require about 45% protein, 11.5% lipid, and 20% sugar in diet, when casein, pollack liver oil, and dextrin were used as each source. The bream also required 45-50% protein, 15% lipid, and 15% sugar in diet. Moreover, 11 water soluble vitamins for the puffer10) are necessary to maintain life and growth, while 10 water solu ble vitamins and a fat soluble vitamin are necessary for the bream.11) Differences of nutritional requirements between the fishes may be attributed to differences of their nutrition al metabolism as well as digestive morphology and func tion. Kumai et al.12) and Tanaka13) reported that the puffer do not have a stomach, in contrast to the bream that have a stomach. 12) The difference of digestive mechanisms with or without a stomach greatly influences the patterns of passing digesta through digestive tract, digestive enzyme secretions, and nutrient digestion and absorption in fishes. Materials and Methods
The juvenile puffer and bream used in the present study were all obtained from Kinki University Fish Nursery Cen ter, Uragami. were sampled for meristic comparison of digestive organs between the fishes. We measured the body weight, abdomi nal organ weight, hepatopancreas weight, stomach weight, and intestinal weight and length of the fishes individually. Organ weight was divided by somatic weight to give a rela tive organ weight. Intestinal length was divided by somatic length to give a relative intestinal length. Intestinal di ameter index (IDI) and intestinal area index (IAI) were cal culated by the following formulae:
IDI =intestinal weight •~ 1000/ (intestinal length)3 and
respectively, where the intestinal weight and length were ex pressed as wet g and cm, respectively.
Experiment II
The formula of the test diet is shown in Table 1 . The test diet was composed of 55% brown fish meal and 10% wheat gluten meal as protein sources. Lipid and sugar sources were 5% sardine oil and 12% a-potato starch, re spectively. Vitamin and mineral mixtures were those of Halver et al.14) Moreover, 1.18% feeding stimulants, 15) a mixture of L-aspartic acid, L-serine, glycine, L-alanine, and betaine, and 0.5% Cr2O3 were supplemented. A moist type test diet was prepared as pellets of 5 mm diameter by a laboratory pellet machine after mixing 100 parts of in gredients with 30 parts of tap water. A dry type test diet was prepared by lyophilizing the moist type test diet. Crude protein, TG, and sugar of the moist type test diet and feces were assayed by AOAC,17) a commercial kit (Triglyceride G-Test Wako: Wako Purechemicals, Osaka, Japan),18) and phenol-sulfuric acid19) methods, respec tively. Plasma total protein, TG, and blood glucose (BG) levels were measured using kits by an automatic analyzer (Vision System: Abbot Laboratory, IL, USA). Plasma free amino acid (FAA) and nonesterified fatty acid (NEFA) levels were respectively assayed by the DNFB method20) and a commercial kit (NEFA C-Test Wako: Wako Purechemicals, Osaka, Japan). Apparent protein, TG, and sugar digestibilities were assayed by the indirect method.16)
Statistical Analysis
The data was analyzed by one-way ANOVA; if this was significant (p <0.05), differences between means were iden tified by Duncan's multiple range test (p < 0.05).21) Results and Discussion Experiment I The meristic comparison of digestive organs between the puffer and the bream is shown in Table 2 . Although no apparent difference was noted between the body length of the species, the body weights of the puffer were heavier than those of the bream. Relative viscera, hepatopancreas, and intestinal weights of the puffer were significantly higher than those of the bream, however, the relative intestinal lengths were reversely high in the bream. The IDIs of puffer was 5 times as high as that of the bream.
Although there are some problems in conducting the meristic comparison between puffer and bream digestive organs, a detailed understanding of the differences be tween digestive mechanisms of the fishes is important for conducting reasonable aquaculture practices. The annual production of both puffer and bream in aquaculture has gradually increased in Japan.22) The present results indi cate that the puffer, which do not have a stomach, store and digest food in the intestine. The intestine of the puffer is bigger than that of the bream, which have a stomach. In Table 3 . More feces were excreted from the bream than from the puffer, despite a similar daily feeding rate. In both fishes, more feces were excreted during the night-time than the day time. Fecal Cr2O3 from the puffer remained at low levels until 72 h after feeding the diets, while that from the bream rose rapidly after feeding and reached a peak be tween 8 h and 12 h after feeding, and then fell steeply until 24 h after feeding. In growth performance, daily growth rates and feed efficiencies of the puffer were superior to those of the sea bream. Moreover, the feed efficiency of the fishes fed on the dry type test diet was better than that of the fishes fed on the moist type test diet.
Less feces and fecal Cr203 were detected in the puffer than the sea bream after feeding the moist and dry type test diets. Filtered seawater was introduced into the Guelph tank at 3 1/min. This inflow rate was previously as sumed to be proper for collecting feces by rearing of bream. The fewer feces obtained from the puffer than from the bream may be attributed to low fecal bound matrix and density. Otherwise, the puffer showed less fecal Cr203 and longer time lapse for excretion than the bream. Johnston et al. 25) showed that sequential meals did not mix to any extent in the stomach of rainbow trout Oncorhyn cus mykiss. More fecal Cr2O3 from the bream might result Fig. 1 in gastric function such as that of the rainbow trout. Small amounts of fecal Cr203 from the puffer, which do not have a stomach, indicated that sequential meals were mixed well in the intestine. Therefore, the puffer need a longer time for sufficient digestion and absorption of nutrients. Shimeno et al. 26 ) and Watanabe et al.27) fed yellowtail moist type and dry type diets including soybean meal, re spectively. If a simple comparison between these reports could be made, although daily feeding rate was high in the fish fed on moist type diets, feed efficiency can be seen as conversely eminent in the fish fed on dry type diets. In the present study, a similar trend was obtained in both puffer and bream, thus more of moist type diets than dry type diets might be dispersed into surrounding water. Feed efficiencies of the puffer were better than the bream fed on moist and dry type test diets for 35 days, irrespective of similar ration size. The reason for this may be that nutrient digestibilities and/or energy expenditures greatly differ between the puffer and the bream.
Experiment III
Changes in digesta weight and apparent protein, TG, and sugar digestibilities in intestinal digesta after feeding on the moist type test diet are shown in Figs. 3 and 4 , re spectively. The intestinal digesta of the puffer fell linearly and gradually until 48 h after feeding. Although the gas tric digesta of the bream fell rapidly until 6 h after feeding, their intestinal digesta were constantly maintained at rela tively low levels until 24 h after feeding. Apparent diges tibilities in intestinal digesta showed different postprandial changes between the fishes. The digestabilities of the puffer increased linearly and gradually with time lapse until 32 h after feeding. In the bream, except for TG digestibility which largely fluctuated after feeding, protein and sugar digestibilities showed the highest value at 3 h and decreased sequentially until 24 h after feeding. Postprandi al changes in plasma constituents are shown in Fig. 5 . In the puffer, total protein, BG, and TG were maintained at relatively constant levels, having a tendency of decreasing slightly until 48 h after feeding. Otherwise, FAA fell rap idly after feeding, but NEFA rose gradually after feeding until 48 h. In the bream after feeding, the plasma con stituents tended to have a similar pattern, decreasing rap idly until 9 or 12 h after feeding and then increasing. Marked increases from 9 or 12 h after feeding were ob tained in both BG and TG. The intestinal digesta and apparent digestabilities grad ually fell and rose in the puffer after feeding, respectively. Moreover, the puffer showed smaller and slower postpran dial changes in plasma constituents than the bream. The puffer, which do not have a stomach, perform the diges tion and absorption of feed by using only the intestine. The rapid decrease of gastric digesta and relatively con stant intestinal digesta were obtained in the bream after feeding. The high apparent digestibilities and plasma con stituents of the bream were detected until 9 or 12 h after feeding. These indicate that the stomach functions to pro mote digestion and absorption of the test diet, regulating digesta transportation into the intestine and modulating nutrient digestion and absorption for their metabolic potential. Shimeno et al. 28 ) also suggested that the stomach sent gastric digesta rigidly into the intestinal tract, fol lowed by promoting digestion and absorption in the intes tine of yellowtail. Takii et al. 29 ) indicated that trypsin-like enzyme activity was linearly correlated to intestinal digesta weight in eel Anguilla japonica.
In contrast to high plasma TG and low NEFA levels de tected in the bream, the puffer maintained low plasma TG and high NEFA levels after feeding. The puffer might selec tively transport lipid as free fatty acids into organs and cells via the blood streee. The puffer, having little very low density lipoprotein (VLDL) in blood, accumulated much more fat into the hepatopancreas than the flounder Paralichthys olivaceus, red sea bream, amberjack Seriola dumerili, and striped jack Pseudocaranx dentex, showing high VLDL levels in blood.30,31) Iijima et al. 32) showed that lipid transportation via the blood stream was conducted by free fatty acids and high density lipoprotein in the carp. Blood lipid transportation of fishes which do not have a stomach may somewhat differ from fishes which do have a stomach.
